The aim of this study was to investigate the causes of chronic respiratory disorders in Polish Konik horses maintained in a stable and pasture, under condition typical for pleasure horses in Poland. The study was conducted on 14 adult horses, consistent with regard to environment and living conditions. The horses were divided into two groups: seven horses not affected by any respiratory problem (control group) and seven horses with history of lower airway disease (study group). Clinical and laboratory evaluation, endoscopic examination, bronchoalveolar lavage, tracheal wash, and lung ultrasound were performed in all horses. Median (25 th and 75 th percentiles) for bronchoalveolar lavage fluid differential cell count in control horses was 55.8 (49.8 and 59.1) of macrophages, 41 (38.5 and 45.9) of lymphocytes, and 5.1 (4.1 and 5.3) of neutrophils, whereas in the study group they were 32.8 (25.9 and 35.7) of macrophages, 59.8 (51.3 and 64.8) of lymphocytes, and 38.1 (34.8 and 41.1) of neutrophils. It was concluded that chronic respiratory disorders in Polish Konik horses were probably caused by recurrent airway obstruction.
Introduction
The Polish Konik (Equus cabalus gmelini Ant.) is a horse of primitive breed, descending directly from the wild tarpans (Equus ferus ferus), which, in its original form, irretrievably extincted in the late 18 th century (8) . Individual tarpans, which were captured and adapted to work in the field gave rise to new breed of horses. When, at the end of 19 th century, Vetulani (21) found that primitive horses, which survived, largely reminiscent the old wild tarpans. The Polish Konik horses are rather small in stature, about 110-130 cm tall at the withers, have a typically grullo (mouse-gray) coat with a dark dorsal stripe and dark stripes on their legs (13) . This breed is characterised by low feeding requirements, high resistance to infectious diseases, and high fertility, as well as a defined seasonal reproduction pattern (12) . Few herds of wild Polish Konik horses are bred in nature reserves or national parks in Poland. Moreover, toward the end of the 20 th century, the breeding groups of these horses were successfully introduced to national parks in Western European countries (11) . As mentioned above, this breed is characterised by high resistance to infectious disease and injury, but based on our observations, keeping the animals stabled, with excessive exposure to aeroallergens cause respiratory problems, more frequent than in other breeds. A clinical picture of the disease may indicate the recurrent airway obstruction (RAO); however, according to the authors' knowledge, no studies have been performed confirming that these animals are prone to this disease.
Therefore, having hypothesis that these respiratory problems are caused by RAO, the aim of the study was to analyse and compare clinical, laboratory, endoscopic, and bronchoalveolar lavage cytology results between Polish Konik horses with and without recurrent respiratory problems.
Material and Methods
The study was conducted with an approval of the 2 nd Local Ethical Committee on Animal Experimentation in Wroclaw.
Horses. Fourteen adult Polish Konik horses, consistent with regard to environment and living conditions, were used: seven horses not affected by any respiratory problem (control group) and seven horses with history of lower airway disease (study group). Thirteen horses were owned by the Polish Academy of Sciences Research Station for Ecological Agriculture and Preserve Animal Breeding in Popielno (latitude 53˚75' N, longitude 21˚62' E), and one horse was from a private breeder. The control group consisted of five castrated males (geldings) and two mares of age ranging from five to 13 years. The study group consisted of four geldings and three mares, of age ranging from seven to 14 years with history of chronic respiratory disease following exposure to moldy hay and dusty environment. None of the horses received corticosteroids, bronchodilators or anti-histaminic drugs two months prior the beginning of the study. The horses were dewormed with ivermectin before and after pasture season, and no vaccination against influenza and tetanus was performed.
Experimental protocol. Prior to the study, horses were housed on the pasture or in a stable with wood shavings for at least two months. Breathing problems were exacerbated by placing the horses in poorly ventilated stables, bedding them on poor quality straw, and feeding hay with visible mold growth for 48 h prior to examination. This environment had been previously shown to induce airway inflammation and RAO exacerbation in horses (10) .
Clinical evaluation. Once the study began, a detailed disease history of each horse was obtained, and each individual underwent full clinical examination including visual inspection, measurement of internal body temperature, pulse and respiratory rates, evaluation of the appearance of mucous membranes, auscultation of the heart, intestinal peristalsis, and the capillary refill time (CRT). Other clinical parameters describing the condition of the respiratory system like cough score, nostril flare, and abdominal lift were performed according to Tilley et al. (20) (Table 1) .
Venous blood was collected from the external jugular vein for haematology, screening biochemistry, and acute phase proteins (2) . Samples were maintained on ice immediately after collection and analysed within 6 h.
Endoscopic examination. Endoscopy of the airways and bronchoalveolar lavage were performed on the horses sedated with 0.01 mg/kg of detomidine (Domosedan ® , Orion Corporation, Finland) and 0.01 mg/kg of butorphanol (Butomidor ® , Richter Pharma AG, Austria). In some horses, however, application of nose twitch was also necessary. A 1.8 m long bronchoscope (Karl Storz 60118PKS with endoscopic video unit Karl Storz Gastro Pack 25043020) was passed through the nasal passage into the trachea and main bronchi. Videos and pictures were recorded and changes in the endoscopy image were graded by two clinicians according to Tilley et al. (20) (Table 1) .
Tracheal wash and bronchoalveolar lavage fluid collection and cytological examination. Tracheal wash was performed by administration of 60 mL of sterile saline (0.9% NaCl) through catheter placed in the endoscope working channel. Fluid was infused into trachea and immediately gently aspirated by a syringe from the thoracic inlet. In one horse, due to very viscous mucus, tracheal wash was obtained directly through biopsy channel. Subsequently, the catheter was withdrawn from biopsy channel, and bronchoalveolar lavage was performed by injection of 250 mL of sterile saline (0.9% NaCl) at body temperature, by the endoscope working channel into a bronchus using 60 mL syringe, and reaspirating bronchoalveolar lavage fluid (BALF) by gentle suction with a syringe. The amount of recovered fluid was recorded for bronchoalveolar lavage (BAL), and tracheal wash, and BAL for each individual horse was pooled in a sterile specimen cup, placed on ice, and processed within 2 h after collection. The samples containing 1 mL of the fluid were concentrated by cytospin and stained with Wright's stain. Following staining, the percentage of macrophages, neutrophils, lymphocytes, eosinophils, and mast cells was determined by counting 400 cells (4) .
Arterial blood gas analysis. Arterial blood was anaerobically collected in heparinised syringes by arterial puncture of the facial artery through a 20G butterfly catheter. The blood was immediately analysed for pH, partial pressure of carbon dioxide (pCO 2 ), and partial pressure of oxygen (pO 2 ) (17) . A blood gas analyser OPTI CCA-TS (OPTI Medical Systems, Inc., Roswell, USA) was used.
Ultrasonographic examination. Ultrasonographic determination of the caudal lung border was performed using an Edan DUS 3 ultrasound system (Edan, USA) with a 3.0 MHz real-time convex array transducer (type 361-1). Determination of the lungs' caudal border was performed using a modified method described by Bakos et al. (1) .
Statistical analysis. The data was presented as median and 25 th and 75 th percentiles. The nonparametric U Mann-Whitney test was used to analyse the data. This analysis was performed with STATISTICA v. 10.0 software (Stat Soft, Tulsa, USA). P < 0.05 was considered as statistically significant.
Results

Clinical
scores, results of endoscopic examination and lung's caudal border. Detailed data describing the results of clinical scores and endoscopic examination are presented in Table 2 . Results of haematological and biochemical examinations, and basic acute phase protein content did not indicate any systemic disorder (data not shown). All control horses had clinical scores below 1 according to cough score, nostril flare, and abdominal lift. The only abnormalities observed in control horses were sporadic cough and slightly flared nostrils. There was a significant difference (P < 0.05) between all variables in the control and the study group. Horses of the study group had a median clinical score around 2. Cough, nostril flare, and abdominal lift had mostly significant impact on the final results. Median (25 th and 75 th percentiles) scores were 2 (1 and 3), 2 (1 and 3), and 2 (1 and 2), respectively.
The mucus scores (see Table 2 ) were generally low in the control horses, and except mucus accumulation all median variables in this group were below 1. Only two individuals from this group had a mucous score of 2, while the others had none, or a very small amount. A significant difference (P < 0.05) was seen in all variables when comparing the controls and study group. In the study group, all median variables were above 2, and even 3 with regards to mucus viscosity. Median (25 th and 75 th percentiles) scores for mucus accumulation, colour, localisation, and viscosity in the study group were 3 (2 and 3), 2 (2 and 3), 2 (2 and 3), and 3 (2 and 4), respectively. In all control horses and in six animals from the study group, the lung's caudal border remained in the reference range and there was no difference between these groups. However, the lung's caudal border was withdrawn by one intercostal space in one horse from the study group.
Arterial blood gas analysis. The median result of arterial blood pH was slightly elevated in both groups, which indicated mild respiratory alkalosis (Table 3) . The median results of partial pressure of pCO 2 were higher in the study group than in the control group, that is 45.5 (44 and 50) and 45 (43 and 46), respectively (P < 0.05). Significant differences between the controls and the study group with reference to the median pO 2 were observed. Tracheal wash and bronchoalveolar lavage cytological examination. Results of tracheal wash were significantly different between both groups in regards to median percentage of macrophages, neutrophils, lymphocytes, and eosinophils (P < 0.05); however, there was no difference in percentage of mast cells. Detailed results of tracheal wash are presented in Table 4 . BALF average recovery in control horses was 56.6%, and 43.6% in the study group (P < 0.005). Median (25 th and 75 th percentiles) for BALF differential cell count in control horses was 55.8 (49.8 and 59.1) of macrophages, 41 (38.5 and 45.9) of lymphocytes, and 5.1 (4.1 and 5.3) of neutrophils; whereas in the study group they were 32.8 (25.9 and 35.7) of macrophages, 59.8 (51.3 and 64.8) of lymphocytes, and 38.1 (34.8 and 41.1) of neutrophils. The median percentage of neutrophils was significantly higher in the study group when compared to the control group (P < 0.001), and median percentage of macro-phages was significantly higher in the control group compared to the study group (P < 0.001). Also, the median percentage of lymphocytes in the control group was significantly higher compared to the study group (P < 0.05).
Discussion
In the study, two groups of horses were evaluated and compared with regards to several variables of the respiratory system (3). As mentioned in the introduction, Polish Konik horses are characterised by high resistance to infectious disease, although they appear to have respiratory problems during prolonged stabling. Considering the origin of the Polish Konik horse from a small number of progenitors (21), namely their close relationship, a higher incidence of genetic diseases can be suspected. Several studies have demonstrated a predisposition for RAO in families, and it is now proven that this disease has a genetic background (6, (14) (15) (16) 18) . In offspring the risk of developing recurrent airway obstruction is three times higher, when one parent is affected with this disease, and increases almost five times, when both parents have RAO. Moreover, Swinburne et al. (6) , recognised locations in the genome responsible for the higher prevalence of RAO in Warmblood sport horses, which are two chromosome regions on ECA13 and ECA15 (18) . However, genetic testing can be done after the basic research indicating the pathophysiology of chronic respiratory problems in horses.
Recurrent airway obstruction is a multifactorial, environmental disease (3). Affected horses are usually older than seven years of age and show exercise intolerance, increased respiratory effort, coughing, airway inflammation, mucus accumulation, and hyper reactivity, as well as cholinergic bronchospasm. The environmental factors responsible for these symptoms are predominantly dust and molds, as well as toxic gases, but the immunological mechanisms underlying RAO are still unclear. When RAO-affected horses are pastured for a prolonged time, clinical signs disappear. When these animals are moved to a stable and dusty environment, respiratory problems return (9) .
Diagnosis of RAO is mainly based on results of clinical examination with characteristic clinical signs; however, bronchoalveolar lavage has been considered as a 'gold standard' in diagnosis of RAO. Fluid obtained from healthy horses contains 60% of macrophages, 35% of lymphocytes, <5% of neutrophils, and <2% of mast cells (19) . Whereas, BALF obtained from RAO-affected horses contains 50%-85% of nondegenerated segmented neutrophils (3, 4) . Result obtained in the study group (almost 60% of nondegenerated neutrophils) clearly demonstrates RAO as a direct cause of chronic respiratory problem. It is interesting to note that results obtained from the healthy control group are within the reference ranges, despite the fact that these horses were stabled for 48 h in a dusty barn and fed poor quality, moldy hay. This data is inconsistent with results reported by Holcombe et al. (7) , who showed that stabling is associated with airway inflammation and changes in BAL cytological profile. The reason for varying results could be a relatively short time of the stabling of both groups in an unfavourable environment. However, increased number of neutrophils in tracheal washes in control horses can be explained by inhalation of dusty air, which proves the fact that changes in tracheal secretions appear relatively quickly, after less than two days (9) .
Stabling and RAO exacerbation was also associated with excessive mucus accumulation in heavy-affected Polish Konik horses, as expected, there was a significant difference between endoscopic pattern of the trachea and bronchial tree between the controls and the study group. The increased amount and poorer quality of mucus found in the trachea of healthy horses, as well as changes in arterial blood gasometry, was probably due to poor air quality and increased respiratory rate due to noxious gases present in the stable. These observations remain in accordance with results of others authors (5, 7, 22) .
In conclusion, RAO should be the most likely diagnosed disorder in the case of chronic respiratory problems in Polish Konik horses. Based on our observations, it was concluded that the prevalence of RAO in this breed increases, compared to other breeds, when the animals stay in the same environment. Studies on the prevalence of RAO in Polish Konik horses are needed and they are planned to be performed on larger population of these horses. In addition to examinations, which describe the pathophysiology of the disease, genetic research is needed. Since Polish Konik horses are very closely related, and have an increased incidence of respiratory problems, there may be a mutation in some breeding lines.
